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PROBLEM TO BE SOLVED: To lower the oscillation threshold by comprising an active layer having a multiple quantum well 
structure composed of laminated In-containing nitride semiconductor well layers and barrier layers between and p-side nitride 
semiconductor layers, where the well layers the active layer are not doped but barrier layers are doped with an n-type impurity. 

SOLUTION: An active layer 25 has undoped In0.2 Ga0.8 N well layers grown to 40 &angst thickness and Si-doped by 5* 
10<18> /cm<3> In0.01 Ga0.95 N barrier layers grown up to 100 Sangst thick at the same temperature. They are laminated in 
the order of the well, barrier, well, and barrier layers as a multiple quantum well structure of the active layer grown. The 
number of the well layers is closely related to the threshold current density which lowers most, when the number of well layers 
is 2, and hence the oscillation threshold can be made to lower. 
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[f»#«l] nffljrolftWHtli:, pMotftWi 
twffltr, I n i^mtm^mWii !? ft5# 
F/I <k » £ffl/£<a«ft 3Mte4^ig#.t !? 4 5 HE 

U SfrfEg^W#FSJiTVK-7*-Cfcf3, Striae 

*i£#gt£OHSr, I n£^ifgtefe¥3Mfc.fc»?ft3# 
8JI £ a^Ji $ ixX ft 5 #£fi^#Ffl?igwgteJl 
jfiLfcWsptggf^fcoT^t), 4>ft< i:t>^£># 

KS5£LfcG!]U:i n «r«tf*flS»¥*fl£, 3&L<liGa 
mm^mWmZi V fcfiHM^&BH'ifcWfcA l £^tf 
(MS:*-*-* r t &&®i:-rzm*m 1 *fcl4 2 £R«t 

KttiEL-fcttttlA I «r^tf»fc**i»ft:, SKIiGa 

tHt***** & 4 « « 4 (omm^m 

rt<z>4>ft< £ 1>— #!-fcJ\ A 1 S-^trSf^^ffSr^ 

flEfeasfitt-gtegHS?- 5 irojxr^fc < ft 5 J: ? PS $ 
v > 5 r <fc SrWtt t irZ> if 5 fcEft«>&fl:4fc¥W 
ft**. 

»' J: 5£*JvCV*5 r. £ 4r^mti-5IS*^ 1 M6 © 
8 ] ffie*are#FM&0£#7*Jlft0' 2 

[0001] 
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^wm*r'M*lrfflV^;ft5^t^¥at#: (I n x A 
UGax-x-yN, 0^X, 0^Y, X+Y^l) iUftS^ 

( 0 0 0 2 I 

S i K-/Ga Ni^ftSnfiJa^^^ hJii, i£— ft; 

I n G a N, fc-SVfi I n G a NSr^t-a 
#SS* #F*t3£rag&S i,Mg K—T'A IGaNi 
9 45pi^?7 KS&» Mg K-T'GaNitHSSp 

2 OmAt'SSV^T, ^3t^S4 5 OnmCffeLEDf 
5mW, ^SBST-gb^ 9 . 1%, 5 20nm«SfeLE 

20 Sr^-r„ 

[0003] l±»t**W#»K«)±fc, S 

^*-C^£T'<7?^^S 1 ^WW±Sr^Ufcw t «r 
(ICNS'97 IS*. October 27-31, 1997, P444-4 
46, BLXfSpn. J. Appl. Phys. Vol. 36(1997) pp. LI 568-157 
l,Part2,No. 12A, 1 December 1997) „ ^*6«)ftflf jft b 

Ttt, ^7r^TS«±tc:. »»»l=»j*^iifcs io 
2 ^Sr^UT)l^JEgfi$HfcG aN±9 ftS^-fb^iS 
fr»«<o±{r, u— fjjf^fflpjtiftsS-fkfe^gffrJB^ 
30 «iBcaS$iT,Tft* 0 (f^«a(iJpn.J.Appl.Phys.Vol.36 

[0 0 04] 

[*MA5»«:LJ;9 t-t-SSRHl LTi-Lft^^v 1^ 
SlK±«3»K*a**ll3eS*tfcOH:, 111 AT? 2 mWffc 
5o 2mWTMi^®>)ffift^ibTI2;gT z t><E>£9 
i*, #^ii^-ffi)fe21-ei4r<0 1 0«gA±(7)ttiA/j5^X- 

^^t:v^5 0 

[0005] i — ir**«)»M«tta»«T-*-ntf. 

9r.tl4, U— 1f^iF-7 v c(t-Cft< LED. SLDf, t 
[0 0 0 6] 

50 flJwS'fkfe^frgi:. vM<o^it^i^^^mt(om 
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[00 0 7] *&W<Dm 2 ©li«l|4\ n<Ji!|tf>g-Cb&¥^ 

te^^f* J: t) ft 5 #F/1 i: #F/i * Jijfto Aft 5 £ 
\m J: 9 4 5 Sigjf i«««ii!ftTft5*llf 

li> iS<4Ji«r»A/-Cn*oaft«|ijii»#i:R»fl!lK:jb5 

loo 0 8] *jew©JBi, XVaS2©««Hj:j3V>-c» 

T^K— -f (undope) tftEE^U-^^lS: K— :/Lft 

I n fr£trftft4fe3HM*. «L< I4G a N± <5 ft3$g 1 

it) tsttJg*»f>i!(iiifcftiirA i *ii%sWimp&mm 
zsttm&Tfr e> ft 5 1& 2 toWkmtvmtom**** - 

[ooio] MIBp«a>3feft«!N|flcj|KH. 

»G a N i 9 dSRsotfiM^M^rU S&fc: 
«3 «»k4*iN»fl:Ji J: D fcgtf=«*»e>lWi.fc«fcA I 

[00 11] *fc#3891<7>3fri % Xt;i2(Dil-Cti < 
fctt. A 1 *&tr£ft*¥W£*£trlB4ft?-£>&4S£ 
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R I NWia (gradient index waveguide) b'tZZ h% 

**-*-«. 

[ooi2] mti,9ss9>*iMimmKmtzt±. *<r>m<n> 
yotfig&m\zig&-fz tofvoft < * s x o \zm&& 
[ooi3] m&mmm\t\t P m*&m^&®>ti:m\z 

10 *.H»», ifflg Lfc«L-0>ft<Tt>&^) Lfc 
pSWFtt&£-£t*Eroj£gtK fc5V(ij£«^ 

j e»s^ttp^=F*e^ws**)gE^ov^v>5r 

e. c a © i 5 ftgftft^flci: K-/SftT p li 4 

[0 0 14] *fc**Wei4, #fifi^#F«igcD:£# 
20 FW!2ffo5l <biS:#mi:-t-So #F^Sr2ii"5 

+R»+#F+I**. #F+l*S+#F+»«, #F+ 
[0 0 15] 

<0«jtSr^-t-1gS;«)ftKffiI2i-C*fe*)> S*Mi:tT 
tt\ G a N£t£2 O^Jbl::, n||3y^^H2i > ^ 
30 ?y*B*lhJi (^B&SJtg) 2 2, n«^7yKi2 3, 
n«*^-f K* 2 4 , *«*?#F*3S©iSm* 2 5 , 
pWI*+yyS2 6\ pffl^Ki2 7 1 pW^yK 
128. piSS^y^^ H2 9t«tSi$Jifciil 

[0016] (3 ft SSttJl 2 S 

V^T. #F^J4'>ft< fct> I n&&tr&.1iM¥m&. » 
*U<I4I n x G ai - x N (0<X<1) k-TZ. 
40 «EffiSl±ii* N ^FJiiUt^vK^-Y-yr^/^— 
a«*#^»ltfM*W#*WRU ff* b< 14 I nvG a 
i-vN (0SY<1, X>Y) ^L<I4A lzGax-zN (0 
<Z<0. 5) mU#F/f, l*^SSrInAl 

^SE-f-^o 1 0 0^-V^ hn- A± •? t>J?V^t. tB^3 
4M&Ti-«6Mi£*>5. P$S^WJKi¥l4#lrps^Lftv^ 
^5. ii^l±#F^tl^C7)\ ^b<l4^F^<tt> t»< 
50 Jg$U 2 0 0#y^hn- ixEiT, $f*U<l4l 5 
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O^-^^hn— AWT, Sfc#*L<l4l OOt^ 
fciSK LTfc iV^o 

[don] *&w<»Wi i <ofg*a?-m. gffig 2 5©# 

P9^1 n K-y $ tl 3 1 #FJf W * -y y r 

i:iE?Lw^6<J^^^^y_-^>/$tvC, Biffin 

T-rs testis,, m^#f*m\^fmo*Y~-7 , -tz> 
mm i it$<tezmfa\chz> 0 t£n^m<r>mi<r>mmx 

m2<omm(D£?\zmmmx'i&t>zzkAm&L 20 

v. 

[0 0 18] m2W^TIi, Si4Jf2 5z)5piPj| 

^t^)¥3l*lw^i£Lfc{|!l^|ieSJiT-^-r>T*J.«3 , 'P 

^SrK-7'-#-5 0 ^n«^-ro#FJiv mWSlzittffi. 
t&Sr K-7"LTt>. L/£<Tfc&<, ^M^K-^iro 30 

#F*jgii#F«-C'^si?) t>> fit^S-c-^tJofc* 

F^O^.T?^3fei-5i:#if>it5, «o-CnJi«fc*i£ 40 
bJt#FJ§li^3fcKfc£9*#L-C*se>1\ pJHRIKg 
igbfc#F^<D*-^5fe(-^#-t-'5^J5 s i«V\ ~?>fctf> 
p/l^K*fc1gj6Lfc#F/I£TV h'-^t L"C. P*g 

10 0 l 9] PfgJfK K-T'+SnS^e&KttS i » 
Ge, Sn, S, O v Ti, Z rf?<DIVSi, ^L< I4VI 
i:^T*#, 0$L<t±Si, Ge. S 
n nI>F»© K-T'SliS x l 0 ie /cm 3 

~5 X 1 0 2l /cm 3 , *f*b<l4lX 1 0 l Vcm 3 ~l X 50 
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1 0 2o /cm 3 , £ btriffS b< tt 1 X l oVrf- 1 x 
1 O'Vcm^&HS'^g-rSo 5X1 0 ls /cm 3 «fc t) t> 
'>^v>tBlffi^fcS!3(g;T*-f, SXloVcn 

[0020] 4fc*«w«igi, s.xim2nmmx\t, 

L<ftGaN£9££mogfc^gftg&;fru $ 
A 1 ££tf^M&¥g#Ji£^tfiei&^;$^/j:3Sf|2W 
K* 24^1 0»t:^^»g|rtas-r5. rolS: 

[00 2 1] §t>»rSHro^, jSt&^iDj^Snffl!)^ 
9yK«2 3jMll2«M:*^Hlfc:teMtt-*. -<d 

^«r#jft-f**fr. -Jroitt^ftjiA 1 Sr^irg 
*FSL<l4H5£il^OA IxGa.-xN (0 
<X<1) iri-5tSf B {4<Da^'b<oi5#(b*v^-t-\ l \ 
t> 5-*«tfliaA 1 Sr$t?^t^)^Wft:i:m^m^n 

l^tlt, InyGaj-vN {OSYgl) Sr^i" 

•5. *<o<px'i>GaNb-rzi:mi>mii>m*&<ti:<b a 

jgfe^SliA 1 GaNtGaNtT'MtSi, 
*£fSI.t£c7)fiv-Ga N25S/<. >7r ^ w j; ^/jrf^fflSrLT, 
A 1 Ga N </£ftT-£ So 01 
^f4l 0 O^-V^x hn— AEAT, ^e>lC»*L<t4 7 

A 1 Ga N<DJ;5;feig^ I flr^7S'*'roAt)-^-t-V^^ 

fc^fe^JU;|4I nA I N, InGaAlNfSrflJt 

[002 2] *fc*3S91<£>m 1 , RXtm 2 W«g«T-(4, 

2 5 tC«j£Lfc{R!l(r A 1 %l5ts£.ikto¥&fc « 
U<ttG«NJ:»)4S»3©t[ft*i|t3M#:JISr#U * 

a i z$ts^\m*mtem*'atsm& : f-frt 3 t£z>m4<o 

^4*#^SS:#LTV>5. 0 1 «04§-£\ pfffil^r-VJ/ 
^■2 6, ^b< ti p««#-f KJB 2 7i5f3 «>»blb 

d5JMro£te4^gfc|r$iii-t--3o p{Bl=¥-vtx7'S2 6 
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3„ *fcpfl03t^'f' Kg 2 7»4. .p«8*+y77B.fc»)t> 
K¥ -v y T^**/!'*— < -rs c t K j; 9 . m 

L, ^fcterosST-Jd^v^TIi, pW^9? KJP2 8 

[0 0 2 3] $t>lr01<D#^- % J:!»j£apffia* 

9. * Kg 2 8 <omtm^m^m\z^-n>, 

BOtfUfh $f;£LV*t&£fcl4nffi!l*7y KJf HC"? 

[0024] $ f>fc, *3MU-?Htn«* 7?KI23, 
pfll* , 7> Ki2 9SrSfe?«GR I Nffimt-fZ Z. b 

gr i N«jati-*-«i:. m&m<o5syt\±A i 

nfl»jf<B*9y Kgtt, Stt/8i9V<VK¥+y^x 

^^7'/ KSfcli, tflJjttfAlGaNWj:?^ A I 

S&KGRIN 

SStt«*»b*t)l6Kfcfl«W-eA<. gttJffc*2H-« 

■C«oT, A 1 &&itfi s 'btS < 4oTl>&fcft, fifl-Ji 
izA I »*Jfc«;fc*ir*Ji*r»j*M»-*-< -tofc 
A, *?y KJifcfilMfc©B*f*ffe«:**< 

'h$<fco-C^SGR I NfflfiSr-tt, SteasfifJwSI*!) 

gr i Nffimk-tzm&\zte, ?9y h'janm&mmtfi 

3fe#-f KJg 2 8 {±WBS L-Cb AV \, 
[00 2 5] $?>ll4fcnfi|^75/Kl2 3 > pfi!l^7 
y K*2 8«:iB«HFOGR IN*JSfc-r8»&» 
7 v KJifc^feitS nI7KWW, pITOWSro 

3£3i::fHti~*£&j»'a£Ut; ^FttttttA 1 Sr^tr 
Jfl 1 ©iftft^^i, t> 5 -^©SfltffciNIMWifcW 

# K-7'lttSv^, if* L< m*-rtifr-jj\z K— 

£ K- 7* LfcJfSrJ&g K-:7LfcJi 

iris, nStf*E*j£ LTtt, Si, G 
e, S'n*r#*L<JBl*«. pSTtW&ttttMg, 

Be, C a &if&L</BV>*„ ;<Oi 9 fc* 7 y KHSr 
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# «fc v \ -e wfc. to^-ltm&Bito&tt v >feSttro * n , 
pM?7v Kg-CgttS tt*A7*5«31 fc-*-* fc v 

10 5. 

[002 6] GR I NftigQflte, ^$4&ig«£: LTI4 

17 ~5 X 1 0 2 Vcm\ ff* L<li5xio"~lxi 
0 2o /cm 3 <75®H(rP3S^-5. SfcStt/lififlK Mtli 
ffittT-JlO^ftttttMttO. 3 M mBlTm IX 
1 0 1 Vcm 3 «T\ $ * L <(4 5 X 1 0 la /cm 3 ^ 

Tl-HS-f-S,, pS^^W^, plR!l?7yK 

I©MIt'lxio 17 ~5xio 2 Vc« 3 , £f*L< 
145 x 1 0 l7 ~ 1 x 1 CVcm^ttffltPSi-^,, * 
20 fcgtt^ifflg. flJfctf&fcmfroiS^M&fcaisifco. 
3 |i raWTflJ, 1X10 1 Vcm 3 WT, $ k L 
< 14 5 x 1 0 ls /cm 3 «TI^S-T5o 

Stt/8Jj:SS5£Lfcfl!lw^*E«»»«jJ5 1 x 1 o 19 /cra 3 i 

>K-7"ti-5. 
30 [ 0 0 2 7 ] 

ixikfl] ciofiMi] (mi comm. %2nwm 

KIT. HI Sr5clw3f:«WS:^K-t-s^ 3llSWll4m 
1, ^2(^*<7)fii^S:^LTl<^ 0 
[00 28] (GaNSffi20) 2 >^ 0 <Dt77'f 

K 7^ ^W«gJK(7)±|^MO V P EjSfeSrfflV^ T V K 
-^Ga NJi^l 0 (imWif^fiSt, f©iHV 
P Efel' i *} p]C< T> K-7*G a N®£ 3 0 0 // m<D 
40 ^ff-c?AS;S$-tir5. J««^. t77-fTS«t > #m 
m. MOVPEt^S$-&fcGa N^SrW^b-CK556 
U, T EM{; i5»f®a^T-*ffiifi^W3gf B ^Pfe^ 1 X 
1 0Vcn J HT(OG a Ng£2 0 Sr#S„ W^<Ote % 1J- 
7rWTi:GaNS«i:^SIi-5^tUT, W^U 

Sr. ^ y H 0 0 /, m * S tiSt L t ilS 

-T5^i:lrJ;»J. GaN»»GaN«g^t» 

[0 0 2 9] (n«^^^ H2 1) ftCGaNSS 
50 (efgffl!li:R*fffia<Offi) (D±\Z, Siiixi 0 19 /cm 
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3 K— ^LfcGa N£ ?> £5 riffle h/f 5 £4 /i 

[0 0 3 0] (^7^E&ltJf 2 2) &t£, S i £5 X 
1 0 l8 /cm 3 K-^Ufc I n 0 .o6Gao. 94 Nj;!)45^ 
■7'**B&ltJf 2 2«r0. 1 5/im<^IKJ|[t*jS;ftS-fr5 tf 

[00 3 1] (nW^7y KJf 2 3 =gj&^Jl) jR^ 
TV 1 o. i 6 G a o. 84N J; fe^Ilr 2 5 ^~ 

T, *>7^#*€rSftU Si^lxioVcia 3 ^/ 
LfcnlGaNJ:9ft5I«:2 5^^^ hn-AOR 

«:«ffiU. 2/zm<&jB**J:9&*nft!*9 
y Kg 2 3Sr/£ft£i*:5 0 C^J: 5 fcafc^ttu 

[0 0 3 2] (n«^K!2 4) ttl^ T>-K~ 
:/GaN±OfcanOT##>T KJB2 4*0. 1 pmtom 
.ff-efiKft*-frS ft £^nfflS36#>f KJf 2 i , G 

[0 0 3 3] (^ttf2 5) ry'K^I no.a 

Ga o . 8 NJ:^ ( i:§#Fi^40ty^ hp-^jg 
ff-CfifcftSHi-, jR^TH-ffl«-e. Si!:5xio l V 
cm 3 K— y^Lfc I no.oiGao.esNct 5 4 S KffiJf Sr 1 

hn~A<z>#M^#^#|jg (MQW) <£>?g£yi 
0 x Vcm 3 ^^tir^fc o 

[003 4] (pW^y^l2 6) MgSrlx 
1 0 3 Vcm 3 K-r LftplAlo.3Gao.7NJ:54S 

[0 0 3 5] (pW3te#-f K«2 7) ftlCMgi'S X 1 
0 "/cm 3 K-y lfcGaNi945p flS*^ KJB 2 
7 £ 0 . 1 ix miOfltff-ejjRfi 

[003 6] (p«^?y KJI2 8) TVK- 
1 o.ieGa 0 .8*NJ:9 4£Afr2 5^>-^;* her — 
A«OJR*-Crtft S-fr, «V ^TM gilXlO 1 Vcn* K 
-yLfcGaNtDft5it2 5*>?X hn— 
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m(DjBfe-f«±9ft5pfla^9y KJf 2 8 

[0 0 3 7] (pl3y^^hf29) Mg^ 
1 X 1 0 2 Vcm 3 K-yLfcpSGaN«tD4^pffi!jn 
h^2 9 Sri 5 0*^7 hn — A^j^T-j&g 

[0 0 3 8] wtOi^^LTfiRSSlirfc^rc^SrMO 

vPEKfi;»»^e>e9au, §±ji<7>p$i:3>*^ ^ 

10 5^m03^^S:»^U R I E (KiSte 

m^>#$ M2 l<7)affi35S||UJ-t-5*'C^?/^>'^S: 

i/A 1 «fc!0&an«ffi3 2SrJg^t-S 0 
[0039] n«S»J«gL p«|a hJf2 9 CDS 

Sirs i 02-^^£oij-fc££, n«ffi<D*ffiteR|C 
<Si0 2 ^^«U Ell oVc^v^ls 

20 [0 0 4 0] tfilHR3 0SjftflL y7h*7«felCt9S 
i0 2 vx^^lfA ^«3 0^tTp 

hJi2 9<D«ffil£N i/Au tD45ptS 
3 1 trMfctZo 

[004 1] nMB$&, G a Nl«^Mffi (1 1-0 
0) "e»BBUT»l&J-t-5»Ma5Sr*«Ei: LTU— If* 

ittt*««:?j*U 2 0mWffi^i;M>X2 0 0 0« 

[0 0 4 2] Sfct;:, rcOU—if^cr)^^2 5\Z& 

a^B8««:Ba2^-r. (gmc&^-c, ^Fii^m 

*-»^-#F£r^ LX& V x «tt#F»*»MT?l*Ay 

• [0 04 3]- [S5JSW2] (g2 0ii) 
*JfiWl«c*5lf^-Cfi{4«2 5&j5£S£-t*;5KII;:S i $r 5 
x l o 18 /cm 3 K— /U: I no.oiGa 0 .wNJ:!?45 

40 »mm&ioo*>?xhr2~j*<ommT?i&Kzit* » 

^xm—&Bt?\ SiSrlxl018K^LfcIno. a 
Ga o .8N^FI?:4 0ty^ Kn-^0^"C^SS 
^trs i K— *7T»«J+ S i>W#F+S i 
K-yT»a«r«*Ufc*, ft^^Fg^T^K-^^ 

3 8 0ty^ ^ P-Ac0^1tf#FM (MQW) 

f±±#bfc*«, glC< 2 OmWffi^iw^T, 20 0 0 
50 »BBK±<o*AS:*Ufc, 
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[0044] cshs« 33^3 \^%m<o%mm 3 \z& 

^(DEl^^tw, ||»0i]3U:ov^lftWi-5 Q 

[004 5] (GaNSS2 0' ) 2^yf^f7r 
-<7J;!)i5 A&£K0>±£j£ll £ *fc G a N <D±\Z , 

K-^G a NgSr 1 O/imOif^I^^' H 
VPESHJ:!) Si Sri X 1 0 18/cm3 K— ^LfcG a 

*U S i SrK-:/LfcGaN»KSr»So 
[0 0 4 6] (^?^ftill2 2) 3cfc, XlBMl £ 
It, S i Sr 5 x l 0 18 /cm 3 K-rtt I n 
o.osGao.o 4 NJ:9/jeS^7!X^S^±JB2 2SrO. 2 *z 

[004 7] (nMPyy YM2 3* =g^GRIN 
«») ftfclEiefcS 1^5X1 0 ls /cra 3 K-^Ufc 

Y—zfA 1 o.3oGao.7oNf=S:2 5^"^^^ ho-A(^> 
Kff-C/8«S-tir3o ^LT2 0Slr % s i$##*a>J| 
Sr^T'XK LTG a Nl^r 2 S^V^* hP-^g 

.feA^ErA 1 o. Z 9Gao. 71 Nll:2 Sit^tf* 
hn-A^lft^g$^ 0 AIo.29Ga 0 .7iN©a 

K/SftS-frfcGa NJ; HSi #**Sr U 
X, S i K^GaNi^gHt, JRV^jfefc/ftft 
SffcAlGaNiHAl &K'>4l*T>' 
K^AlGaNiS:*fiS«o Z(D£?\Zl,X, S 

^otff< S i K^GaNji, TyhWA i X G 
ax-xNJf ££r£^-frTl. 2 (2 4 O^T) j£g 
S-frfcft, S i£W#*SriLft, T^K— T'GaNJBSr 
2 5 jr^trx h p— 5fe(r^gft$itfcA I G a N J:-5 
tSfefcA 1 tti^>^^7yK-yA 1 Ga NS*2 
he— AfiRftS.it«o tLtAlGa.NOfi 
*<0*SraSftS^:ft^b, 0. 1/zm (2 0^7) coj^ 
St?*8#7yK^Ga.Ni, rvfWGaNti: 
ft5±5l^*S*5ril:t8, AlttiW: 
*4<4o"Cff<A-lGaNt, S i -&#*35S&»«C*- 
4< 4o"ClT< G a N tfrbteZ>m&*ffim<OnW? 7 
yKi2 3' Sri. 3/im<0JKff"Cj*«S^:S 0 fc*3^ 
nS^^ittG a N^-CWfiLfc;^ AlGaNf 
^*"CWSEi-5rtfcX?#5o 4fcAlG.aN(OAlta 

[004 8] («{£J|2 5) XlKHl tH^KLT, 4 
0*>^ hD-AOI no.aGao. 8 Ni!lft5#Fi 
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1 0 0^^^^ hn — JxCDS i Sr 5 x l 0 is /cm 3 
K-^t-fc I tio.oxGao.^sN^^^^KS^^Sr. # 
F+WS + #F + l$^«lirS^U^^J¥2 8 0*> 
?x b*-^<0&m&*#f*ffim (MQW) <Dg{3jfSr 
/&;g$i£S 0 £fc®teJi2 5 in{ffl*7* KJB2 3* <t 
^BBlcSiSfifll kmmz.VXnO&ytjf't KJiSrJIMLT 

[0049] (p»7^K!28' ) ftlCHgafcT 
^K-^GaNJf Sr2 5^>^ ho-AM^^ ft 
10 ^rAl*#^Srfe-r*^*LTAlSr*»***L 
fcA 1 Ga N€Sr2 5^~>^ h n — AOfllffT/fiftS 
-tLT2iae^, BC<7^K-yGaNSr25 

UA 1 Ga NSr2 5^>-^* hn-A^g^ 

A 1 ^l^e^V^TV K-^A I G a NJBSr^ft* 
rcoJ: 3 KLT. 7VK-/GaNl2 5^ 

*hn-*£ % Ai^*r*^« : P-ettfc5^»:»ic#< 

4otfr<7yK- 7" A 1 Ga NJf 2 Sj-^Px f>n- 

20 <kfcS:2ffc£fc«Jiu 5 0 0ty^hP-A (io-< 

T) J&H£-fr5 0 10^7rtM, tt^-C. Mg4## 
^Srb-f^acU-C, Mg«tK-/UcMg K~ 

fcjfcftS^fcT^K-^A IGa Nf J:nAl ^fi 
rt*#V\A 1 Ga NJf Sr2 S^V^* h AOffltff 

jJ^W<4o-Ctf<Mg K-^GaNi2S^ 

HD<Stt«^felltn5lr«orA I 
*J*S#CgSfc:*< ftoTfT< T ^ K-^A 1 xG a :- x Nl 
30 2 5 hti-Mt SrSfE^WJl UT, S&i'M g 

Sr8X i 0 1 Vcni 3 K-7 p LfcGaN«Sr^«*-&, f 
<0ft^r^K— ^A lo. a Gao.eNJBSr«fi$-fr, ^fff 
"CO. 75/im (150^7) ^S^ 0 

oTtf< A 1 Ga NJBt^bftSjBtt^Mjt^pflll^T 
y m 1 0 Sr 0 . 8 pl na<o§W.T?tf;* PWHi, 
P S^F>fi»*H:G a N<0*-eW» Lfc^5, A 1 G a NJf 
<0*T?BW-t-S - t ^ 0 tfcA 1 G a NCO A 1 jffi 

3^PiC5 3 VNT^^^^x^7 p ^lc^:^<-r 

5ip«?y KI28' fc(DH|^ ftlllMl 2rR«(lw 
LT % p{ai^-yix^M2 6 X pffilJt^ YM2 7&Bf& 

[0 0 5 0] {pM^>*# hM2 9) ^iw, gli£0*Jl 
tra«»^L-C, MgSrl x l 0 2O /cm 3 K-/LfcpI 
Ga *NJ:5ft5p«|3y#^ hg2 9 Sr 1 5 0*^ 

50 [00 5 1] Z<D& 5Jwt-CfiR«S*fc^*— ^SrMO 
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VPEEJfcf»*»feft*>tt»U CVDgf^V^Si 
U RIElCj;*?, g]3 fr^i-J: 9 {r, GaNl«2 

ntS©SBl:BC< S i 0 2 -^;*^£7g;£U 

otj&s-rs. 

[0 0 5 2] »3 0MI, B 3 5 KG a 10 

NM2 0' 0Sll:Ti/AU^5nll3 2^ 
fl£j*U GaNSSSrMS (ll-0 0=^toW 

Wit t T 1 5 rtHf ^Tt^l^o 
[005 3] [*JSM4] H*«3iC*5V^ nffl!l^7 
y K12 3' ^^Fl:gWi|(OG a N^^lTtr S i 
Srlxio 18 /cin 3 K-yt§, 4fc. p«^9 5/'KJI 20 
2 8 ' JifcftBSfcjBft^lflig^G a N«£TfcM g Sr 1 X 
1 0 1 Vcm 3 K-7^5tettHI«lc: Lt u-if 

Ufc#, BC<2 0mWttWl:fc^t, 200 0WNBK 
[0 0 5 41 



[Hi] IH2] [B|3] 
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<, LED, K^J: 5 

4 [Hi] **W<0— 58*MK:«3 w~1^^fit££^ 
•t«5*Wf cSHo 

[12] S^?>#F«<og:£ N !f*^-coBlfl[« 
[83 ] **M<7>teoHlfifia[tw«5 i'— iF*^<&1JKS 
[»*©»«] 

2 0,2 0' • • • Ga NXtE 

2 1 • • • ni^^^ hJf 

22" • ^y^Kii 

2 3,2 3' • • * n»7y KJB 

24 • • • nffi!i}fe#>f K* 

2 5 • • • SttJf 

26 • • • pflB^-^y^Jl 

2 7 • • . p«i*^ m 

2 8, 2 8* • • • p«^7y KB 

2 9 • • • pM^i/#$ vm 

30 - • KtHM 

3 1 . • . p mm 

3 2 • • • nfM 



